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LABCIRATORY IRVESTIGATION OF ICING IN THE
CARDURETCR AND SUPERCHARGER INLET ELBOW
OF AN ATRCRAFT ENGINE .
I1 - DETERMINATION OF THE LIMITTNG-ICING CONDITIONS

By Benry A. Easer, Wayns C. Kelth
and Donald R. Mulholland

SUMMARY

The carburetor and engine-stage supercharger assembly of a
filghter alrcraft were laboratory-tested to determine the lcing
characteristice of the induction system under three sirulated engine
power conditions with varylng cerburetor-alr temperature, relative
humidity, simulated-rain injectlon, rain and fuel temperature, fuel-
alr ratio, and fuel of different distillation characteristics. All
runs were of 15-minute duration, after which the carburetcr and
supercharger 1nlet elbow were visually Iinspected for ice formatlons.
The limits of visible icing and serious iclng, which 1s defined by
a Z2-percent reduction in air flow in a 15-minute test period, were
found to form at progresslvely lower alr temperatures and heat
contonts. as englne power was increased. Relatively small accumu-
lations of ice on the throttle plates caused more serious reductions
in alr flow than large deposits of ice in the supercharger inlet
elbow. Turbulences below the throttles and circulation of fuel in
the inlet elbow were responsible for severe cooling of the throttles
and heavy deposits of ice on the under swurfaces owing to the refrig-
eration effect of the fuel evaporation. This effect was less
noticeable as throttle angle and alr flow were increased for high
power conditions.

Variation of fuel-alr ratio and fuel and water temperatures had
no oconsistent effect on loing measured by the apparatus used during
the tests; reductions of relative humidity in the presence of free-
water injeotlon did, however, increase the severity of icing because
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of the corresponding reduction in the heat content of the air-water
vapor mixture. Fuele of low volatllity were found to produce less
serious icing and the use during most of the tests of a more volatile
fuel than is generelly required for most alrplanes produced conserv-
ative results,

INTRODUCTION

As part of an investigation requested by the Air Technical
Service Command, Army Alr Forces, on the icirg characteristics of
a Pighter alrpiane induction system, tests were run on the pert of
this induction system consisting of a twin-barrel injJectlon-type
carburetor mounted on an engine-stage supercharger assembly. Iclng
tests were conducted at the NACA Cleveland laboratory in the fall
of 1944 at three simulated engine powers to study the effects of
carburetor-air temperature and relative humidity with and without
gimulated-rain intake, rein-water temperature, fuel-sir ratlo, fuel
temperature, and of several fuels having different distillation
characteristics.

Previous experience in iclng investigations of aircraft induc-
tion systems (references 1 and 2) has shown that the severity of
the icing experienced in a given induction system under fixed power
operation 1s largely dependent upon carburetor-air heat content and
total water content. This result is to be expected because the
icing phenomenon is essentlally & refrigeration process depending
upon the amount of water available and the heat removal necessary
to produce the 1ce. Specific corbinations of carburetor-alr heat
content and total water content are therefore defined as the limiting-
lcing conditlons as was done in references 1 and 2 and the other con-~
dltions are separately investigated as independent varilables.

The controlled varlables were measured at the carburetor deck
or in the alr stream near the carburetor and their values do not
necessarily correspond to known atmospheric conditlions because of
the unknown effects of the carburetor alr scoop, the ductlng, .the
turbosupercharger, and the intercooler in this induction aystem.
The limiting-icing conditions presented are therefore in terms of
conditions in the alr stream at the carburetor and are not directly
related to atmospherlic conditions in flight. The relation between
these two sets of conditions will be established and subsequently
reported as a result of a flight icing investigation of the imduction
system of the fighter airplane.

The ranges of values for the experimental variables selected
for_this Investigation were arbitrarily chosen to produce only ice
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formations of the fuel-evaporation and throttling types because the
presence of the turbosupercharger and the intercooler effectively
_prevents the occurrence of impact-icing conditions at the ocarburetor.

The arbitrary criteria for the determination of the limiting-
icing oconditions divide the test results into three categories: no
visible icing, visible icing, and serious lcing. In each case the
selection of the proper category is the result of a visual inspec~
tion of the carburetor and supercharger inlet elbow at the end of
a l5-minute test run. The loing 1s considered serious if the flow-
rate reduction exceeds 2 percent of the initial value at any time
within the 15-minute test period. The classification of test results
in the serious~icing category 1s based on the assumption that a
reduction of alr flow exceeding 2 percent would seriously affect the
operation of the engine. The 15-minute time interval was sslected
on the assumption that it is a reasonable maximum period during which
the icing conditions at the carburetor deck would not change In
flight becauso of changes in amblent atmospherlo conditions or other
changes ilmposed by the pllot as the result of the gradual loss of
englne power caused by the icing.

APPARATUB AND TEST PROCEDURE

Tho apparatus for conducting the icing investigation on the
carburetor mounted on an engine-ctage supsrcharger 1is described Iin
fetall in reference 3. The design and operation of the test equip-
ment insures control of charge-air temperature, humidity and free-
water content, and of fuel and water temperature durlng each test
run., The alr pressure at the carburetor deck was maintained equiva-
lent to a slmulated alvitude of 2G00 feet. The test conditions and
the range of variables are shown in table I.

In the determination of the limiting~licing conditions, the pro-
codure was simllar to that used in pervious induction-system icing
tosts (references 1 and 2)., Whon the desired test conditiong of
air-flow rate, temperature, and humidity hed been esteblished, the
fuel and simulated-rain water were diverted from their bypass lines
into the induction system at the previously selected temperatures
and flow rates. Thereafter, at regular intervale during the
15-minute test runs, measurements were taken of alr-flow, fuel-flow,
and carburetor-deck conditions. At the end of the test period the
air, tho fuel, and the water flows were cut off and the ice forma-
tions, if any, were examined olther through the observation windows
or by dismantling the induction system. The oriteria previously

discussed were then appliod to the results to classify the type of
icing.
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DISCUSSION
Limiting-Icing Condltions

Presentation of results. - The results of test series 1 at
simulated normal rated power, series 2 at simulated high crulsing
power, and series 3 et simulated low power are presented on coordin~
ates of heat content and total water content of air in figures 1, 2,
and 3, respectively. The limiting-conditions curves for visible and
serious lcing represent the upper limlts for these ounditions. For
all tests with simulated-rain intake, the charge alr was saturated.
The curves of constant relative humidlty end water inJjection in
excess of saturation are superimposed for ease in interpreting the
results.

The limiting-conditions ocurves shuwn in figures 1, 2, and 3 are
replotted in figures 4, 5, and 6, respectively, in terms of
carburetor-alr temperature and total water content. These ourves
were roplotted because carburetor-alr temperature 1s a more tangible
quantity than carburetor-alr heat content and carburetor-alr tem-
perature ls usually indicated on tho instrument panel of tho airplane,
Curburetor-air temperaturo can, however, buv considered a limiting-
icing condition only when the air is saturated in the prescnce of
freo water or when free water 1ls not presont because only under these
conditions 1is carburetor-alr temperature dirzsctly related to heat
content. The temperature meximums of the two limiting-condltions
curves on carburetor-alr-temperature and total-water-contont coordin-
ates represent minimum temperatures bslow which elthur visible or
serious icing may occur. If the conditions of operation (at the
carburetor deck) lie between the two limlting-conditlons curves, the
visible lcing unocunterod may bocomoc svrilous after 15 mlnutes of
operation.

Thy effects of tho threu poweor conditions on the icing charac-
teristics arv prosented in figure 7 wherc the limits of vislble and
serious icing are plotted in terms of absolute water content against
carburvtcr-alr temperature and of absolute water contont against
carburotor-air heat content. As powsr is lncreassd, the lcing limits
receds toward the frovzing levwls of temperature and heat content
bolow which lmpact icing occcurs on the air-metering parte of the
carburvtor, ln addition to fuel-evaporation loing below the throttles.

Locatlion and cauge of ice formetlons. - Most of the serlous
icing was charectorizad by heavy icv formations on the throttle
plates and surrounding wall surfaces. Thc fres water from which this
lce formed was eovidently suppliuvd by the simulated rain and by con-~
densation of watur from the alr strevom when 1t was coolud by fusl
ovaporation and psoudoadisbatic expansion past the throttlws. The
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throttle plates wero similarly cooled by fuel evanoration 1ln the
turbulent wake below the plates and by direct contact wlth the
 expanding air stream.

During all tests with conditions that caused seriouse lcing on
the throttle plates, heavy loing also took place in the supercharger
inlet elbow below the carburetor. Owlng to the large cross-sectlonal
area in the elbow, however, even very large deposits of lce in this
area dld not form the critiocal polnt for reduction ln air flow. A
typical example of such icing is shown in figure 8(a).

The throttle icing (fig. 8(b)) was progressively less severe
for the runs in which the initial air-flow rates were 4620, 5775,
and 7700 pounds ger hour and the ocorresponding throttle angles were
27°, 37°, and 50 This result ls to be expected because the
pseudondiabatic expanslon, the turbulent mixing below the throttles,
and therefore the degree of cooling are decreased as the throttle
angle Increases. Further cvidence that the icing of the throttles
ls largely dependent upcn throttlo angle rather than upnn rate of
alr flow is shown by tke resulis of tests that were porfurmed at
wlde-open thr~ttle &nd an asir-flow rate of 4€20 pounds per hour.
These results sh:wed thet no serilous icing vccurred at tempsratures
as low as 35° F even with simulated raln fluwing in at the rate of
250 grams per minute. FPreuviously, wilth the samc simulated-rain
injoction ard alr-flow rate and the normal throttle arglo of 279,
gericus lcing occurred at a carburetor-air temperature of 50° F.
Tho limits of sorious lcing therefcrs recede towerd the regicn cf
higher t-tal watur content ard lowur heat cortunt or carburctor-air
temperuture as the throttle anglv ie inercased to obtain highor air
flows.

Although no 1oz of the fusl-erapcration type formed on the
fuel-metoring venturls or impact tubos, acmus 1lce did form on the
fuel nozzle and caused fuol metcring to bwcame vury orratioc.

Effects of Other Varlables on Icing Characteristics

Critorion for dotormination of sffect of variablus. -~ The
ocritericn chosen for detormining the offect of changos in fueol-air
ratis, varlation of reletive humidity in tha presonce of simulatud-
raln injection, variation of fuul and similated-ruln temperature,
and changes Iln fuel-distillation charaocteristices was comparilsons
of minimum air flows ocourring within 15 minutes of oreration under
licing conditicns previcusly selected from the ocurves of limiting-
lcing conditions. In each of the serles, one of the aforementioned
condltions was varied while the others were maintalned constant.
This method of investigation d1d not permit quantitative evaluatinn
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of the effect of the variables but, when & change in the varied
conditlon aeffected the severlty of the icing, a trend ocould be
detected 1n the successive curves of alr flow plotted against time,
as shown 1n flgures 9 to 13,

In some cases curves of air flow against time were so erratic
that no conslstent trend was discernible ani, because these curves
usually fell within the range of normal varlatlon of test results,
1t was concluded 1ln each case that the variable 1ln question had no
effect on the icing characteristice as manifested by minlmum air
flow and rate of air-flow drop.

Effect of varied fuel-air ratio. - The obJject of test serles 4
was to determine whether changes of fuel-alr ratio affect the icing
characteristics of the induction system. In most cases, whether for
a light-icing condition as shown in figure 9(a) or for heavy-iclng
conditions as shown in figures 9(b) and 9(c), the results show that
the air-flow against time curve for a very rich fuel-alr ratio of
0.125 falls very close to the curve resulting from operating at a
lean fuel-alir ratio of 0.050. The runs performed at fuel-air ratios
betwcen those values fall or either side of the values with no sot
order or progression., Apparently varlation 1ln fuel-alr ratio between
the values of 0,050 and 0.131 has no conslstent effect on the icing
of thls induction system withln the limits of experimental error with
this apparatus.

A possitle explenation of thils behavior 1s that, between the
point of fuel inJjection and the supercharger Impeller for these
corditlons, the intake alr becomes saturated with respect to the
fuel at the lowest fuel-alr ratio tested (0.050) and no further
fuel-evaporation cooling effect results frocm 1njecting fuel at a
greater rate.

Effect of simulated-rain flow in presence of unsaturated alr. -
Rain is frequently encountered in flight when the alr 1s not saturated
wlth water vapor. Test series 5 was run to determine the effect of
this condition on ilcing.

When the carburetor-alr temperature was malntalned at 40° F
(fig. 10(a)), the results obtained were inconclusive because the
curves showing rate of air flow varled wldely with relative humidity
without showing any trend. In the tests 1n which the alr temperature
was 60° F (fig. 10(b)), lowering the relative humidity permitted
serious lcing at a temperature that normally would lle beyond the
range of sericus loing. The reduced relative humidity at a fixed
dry-bulb tempersture represents a diminution in heat content of the
alr stream and, consequently, as the heat content drops below the
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velue for the limit of serious lcing (23 Btu/lb) ag shown in fig-
ure 3, the leing becomes serlous., Further lowering of the heat

. .content by lowering the humildity increased the severity of the
lcing. |

Effect of varied fuel and water tecmperatures. - The runs of
test series 6 (fig. 1ll) show that varying the fuel temperature
between 9° and 80° F at a carburetor-air temperature of 40° F hed
no predictable effect on the iclng characteristics of this induc-
tion system, especielly at relatively high water contents. When
the fuel temperature was varied over the range fram 9° to 80° F,
the heat content increased 2.8 Btu per pound of fuel-alr mixture,
which is probably offset by greater fuel evaporation. This small
change 1n heat content would be crltical only in borderline cases
of icing.

For sim!lar reesoms, varylng the temperature of the simulated
rain (test serles 7) between 24° and 59° F had as little effect on
the lclng as thu variation of the fuel temperature (fig. 12). This
variation in ths simulated-rain temperaturs between 34° and 59° F
caused a change of cnly 0.54 Btu per pound of water-air mixture at
the lowest alr-fiow rate tested with a water-flow rate of 750 grams
per mlnute.

Effect of fuel-distillation characteristics. - The results of
test series 3 (fig. 13) show that diffurent fuels producoe different
icing characteristica. The moro volatil> the fucl, as sucwn by the
distillution ourves (fig. 14), thc more sevure was the icing. The
AN-F-2Z fue¢l 1s the most volatile .f those tested and usually gave
the grvatest drop in alr flow. A lces volatile fucl, 28-R, gave
loss sevure leing than AN-F-22 fusl but S-4 reference Tuvl, whioch
has practlcally no light fraotions, in moct casus caused practlcally
no alr-flow reduction (fig. 13). Tkis performance rosults from the
higher vapor pressures of thu most volatile fuel cauging the wvapo-
ration of greater amounts cf each fraction. 4An incroase in the
amount of fuel ovaporated represcnta an incroase in cooling, which
causcs mcre serious ‘cing.

Throughout the limiting-icing-conditions detsrmination and the
other icing tosts, with thu oxouption of test suries 8, AN-F-22 fucl
was used exclusively. Thu use of this fuol, which 1s more volatile
than those 1n common use in serviceu airplenss, would tend to meks
the results of tho iclng tests slightly consurvative.
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SUMMARY OF RESULTS

From laboratory tests to determine the limiting-icing conditions
of the carburetor and supercharger assembly, the following results
were obtalned:

1. Limits of vielble and seriocus icing formed at progressively
lower air temperatures and alr heat contents for lncreases in englne

power.

2. Berious reductions 1n alr flow were caused by icing on the
throttle plates and adjacent wall surfaces.

3. High thrcttle angles caused icing to be less serious because
peeudoadiabatic expansion and turbulent mixing helow the throttles
vore decreased.

4. Variation of the fuel-alr ratio between 0.050 and 0.131 had
no consistent effect on the icing characteristics of this carburetor-
engine combination within the range of values of carburetor-air tem-
werature and total water content normally assoclated with serious
icing.

S. Free water in the presence of alir at relative humiditiles
less 1hen saturatlon caused serious icing at carburetor-alr temper-
awures above the usuel limiting-icing tempercture because of the
reduction of air heat content as relative humidity was decreased.

6. Variations of fuel temperature frcm 9° to 80° F and of
simulated-rain water temperature from 34” to 59 F did not appreciebly
change the icing characheristlcs ol this induction system w'thin the
range of values of carburetor-air Semperature and total water content
normally assoclated with serious icing.

7. The severlty of the icing increased with the volatility of
the fuel used.

Aircraft Engine Reseaﬁ@h Laboratory,
National Advisory Committee for Aeromautics,
Cleveland, Ohio.
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TABLE I -~ TEST CONDITIONS AND RANGE OF TEST VARIABLES

Test Enzine opecating conditioms Carburetor-| Moisture content Water|Fuel } Fuel
series jAir flow[Fuel-air ratiolPywer |air temper-,Relative |Simulated- |tem- |tem-
(1b/hr) | (a) jature immidit; |rzin pera- | pera-
| ("F) (percent)! injection {ture |ture
1 ' (orems /min) { (°F) [ (°F)
1 ! 7700 ' 0,095 N.R. ; 2u-82 25-100 :© PG-1000 | 40 40 | AR-F-22
2 . 5775, _ 0.080 H.C. . &2-97 13-109 b3-1000 | 40 | 40 ! AN-w-22
3 | 462C ,  ©.0SC L.C. 1.:02 ! 1g-10¢0 ! b0-1000 [ 40 | 40 | AN-P-22
4 | 4620 | 0.050-0.125 L.C. @  4u 50 (c) (c) | 40 | AN-F-22
4620 | 2.051-0.131 ;~dbo--i 40 ¢ 100 () (c) | 40 | AN-F-22
4620 | 0.050-0.125 {~do--, e I 1o Y300 40 ' 40 | AN-F-22
5 | 4620 G.030 L.c. | 40 : 62-100 | 100 40 | 40 | AN-F-22
| 4620 .082 do--| 66 17100 | 100 |40 |40 | aN-F-22
6 | 4620 0.08. L.C. 4 1 e | (e (c) | 9-80] AN-F-22
462C - .03C |-do-~ 40 i 110G | (c) (o) [10-70} AN-F-22
4620 .080 -d0-- 40 | 100 £100 40 110-70| AN-F-22
7 4620 0.080 L.C. ; 4G 100 bosg  [35-55| 40 | AN-F-22
4620 .080 -dc--1 40 L 100 brs0  |34-59| 40 | AN-F-22
4620 .03C ~do--1 50 100 b2s0  |35-56| 40 | AN-F-22
8 4620 |  0.080 L.C. 40 100 (¢) (¢) | 75 |[S-4,28-R,
AR-F-22
4620 .080 l-Ao-- 40 10G 250 40 | 75 Do.
4620 -030 | -do-- 50 81 (c) (e) } 75 Do.
4620 .080 -do-- 50 100 (c) () | 75 Do.
4620 .080 ~do-~- 50 100 b250 40 |15 Do.

®N.R. - Normal rated power, 2600 rpm
H.C. - High crulsing power, 2300 rpm
bL'C' - Low oruising power, 2200 rpm
Simuleted-rain injection in excess of saturation.

®No simulated-rain injection.

National Advisory Comnittes
for Aeronautics
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Figure 6. - Limiting-icing conditions of carburetnr-air temperature and water content at simulated
lo ising power obt ed in test series 3. 1nitial air flow, 46820 pounds per hour; initial
fu tio, 0.080; pressure altitude, 27.82 inches mercury absolute.
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(a) Limiting-icing curves, wvariation of carburetor-air heat content with total water content.
Figure 7. - Effect of power conditions on icing characteristics of a carburetor and supercharger
inlet elbow.
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Figure 7. - Concluded. Effect of power conditions on icing characteristics of a car~
buretor and supercharger inlet elbow.



NACA MR No. E5LIBa

{a) tcing in supercharger inlet elbow., Car-
buretor-air temperature, 40° F; relative
humidity, 100 percent; simulated=-rain
injection, 350 grams per minute; icing
period, 6 minutes.

NACA
C- 13842
12-11-45
(b) tcing on carburetor throtties. Car-
buretor-air temperature,37° fF; relative
humidity, 100 percent; simuiated-rain
injection, 650 grams per minute; icing
period, | minute.
Figure 8. - Typical induction-system icing of carburetor and

Supercharger inlet-elbow assembly at 60 percent normal
rated engine power.
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Figure 9. - Effect of varying fuel-air ratio on the icing characteristics
of carburetor and accessory housing assembly obtained in test series 4.
Initial test conditions: engine speed, 2200 rpm; manifold pressure,
30.2 inches mercury absolute; carburetor top-deck pressure, 27.80 inches
mercury absolute; air flow, 4620 pounds per hour; fuel temperature,
40° F; carburetor-air temperature, 40° F.
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Figure 9. - Continued. Effect of varying fuel-air ratio on the icing
characteristics of carburetor and accessory housing assembly obtained
in test series 4. 1nitial test conditions: engine speed, 2200 rpm;
manifold pressure, 30.2 inches mercury absolute; carburetor top-deck
pressure, 27.80 inches mercury absolute; air flow, 4620 pounds per
hour; fuel temperature, 40° F; carburetor-air temperature, 40° F.
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Figure 9. - Concluded. Effect of varying fuel-air ratio on the icing
characteristics of carpburetor and accessory housing assembly obtained in
test series 4. Initial test conditions: engine speed, 2200 rpm;
nanifold pressure, 30.2 inches mercury absolute; carburetor top-deck
pressure, 27.80 inches mercury absolute; air flow, 4620 pounds per hour;
fuel temperature, 40° F; carburetor-air temperature, 40° F.
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(a) Carburetor-air temperature, 40° F.

Figure 10. - Effect of varying relative humidity in the presence of free

water on icing characteristics of carburetor and accessory housing
assembly obtained in test series 5. JInitial test conditions: engine
speed, 2200 rpm; manifold pressure, 30.2 inches mercury absolute; car-
buretor top-deck pressure, 27.80 inches mercury absolute; air flow,
4620 pounds per hour; fuel temperature, 40° F; fuel-air ratio, 0.080;
simulated-rain injection, (00 grams per minute; water temperature,

40° .
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Figure 10. - Concluded. Effect of varying relative humidity in the

presence of free water on icing characteristics of carburetor and
accessory housing assembly obtained in test series 5. Initial test
conditions: engine speed, 2200 rpm; manifold pressure, 30.2 inches
mercury absolute; carburetor top-deck pressure, 27.80 inches mercury
absolute; air flow, 4620 pounds per hour; fuel temperature, 40° F;
fuel-air ratio, 0.080; simulated-rain injection, |00 grams per minute;
water temperature, 40° P,
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(a) Relative humidity, 69 percent; no simulated-rain injection,

Figure 1!, - Effect of varying fuel iemperature on icing characteristics
of carburetor and accessory housing assembly obtained in test series 6.
Initial test conditions: engine speed, 2200 rpm; manifold pressure,
30.2 inches mercury absolute; carburetor top-deck pressure, 27.80 inches
mercury absolute; air flow, 4620 pounds per hour; fuel-air ratio, 0.080;
carburetor-air temperature, 40° F.
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Figure Il., - Continued. Effect of varying fuel temperature on icing
characteristics of carburetor and accessory housing assembly obtained
in test series 8. Initial test conditions: engine speed, 2200 rpm;
manifold pressure, 30.2 inches mercury absolute; carburetor top-deck
pressure, 27.80 inches mercury absolute; air flow, 4620 pounds per
hour; fuel-air ratio, 0.080; carburetor-air temperature, 40° P,
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Figure ||, - Concluded. Effect of varying fuel temperature on icing characteris-
tics of carburetor and accessory housing assembly obtained in test series 6.
Initial test conditions: engine speed, 2200 rpm; manifold pressure, 30.2
inches mercury absolute; carburetor top-deck pressure, 27.80 inches mercury
absolute; air flow, 4620 pounds per hour; fuel-air ratio, 0.080; carburetor-
air temperature, 40° F.
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(a) Carburetor-air temperature, 40° F; simulated-rain injection, 250 grams
per minute.

Figure 12. - EBffect of varying free-water injection temperatures on icing

characteristics of carburetor and accessory housing assembly obtained in
test series 7. Initial test conditions: engine speed, 2200 rpm; manifold
pressure, 30.2 inches mercury absolute; carburetor top-deck pressure,
27.80 inches mercury absolute; air flow, 4620 pounds per hour; fuel tem-
perature, 40° F; fuel-air ratio, 0.080; relative humidity, 100 percent.
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{b) Carburetor-air temperature, 40° F; simulated-rain injection, 750 grams
per minute.

Figure 12, - Continued. Effect of varying free-water injection temperatures
on icing characteristics of carburetor and accessory housing assembly ob-
tained in test series 7. Initial test conditions: engine speed, 2200 rpm;
manifold pressure, 30.2 inches mercury absolute; carburetor top-deck
pressure, 27.80 inches mercury absolute; air flow, 4620 pounds per hour;
fuel temperature, 40° F; fuel-air ratio, 0.080; relative humidity, 100 per-
cent.
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(e) Carburetor-air temperature, 50° F; simulated—rain injection, 250 grams
per minute.

Figure 12. - Concluded. Effect of varying free-water injection temperatures
on icing characteristics of carburetor and accessory housing assembly ob-
tained in test series 7. 1Initial test conditions: engine speed, 2200 rpm;
manifold pressure, 30.2 inches mercury absolute; carburetor top-deck
pressure, 27.80 inches mercury absolute; air flow, 4620 pounds per hour;
fuel temperature, 40° F; fuel-air ratio, 0.080; relative humidity, |00 per-
cent,
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(a) Carburetor—air temperature, 40° F; relative humidity, |00 percent; no
simulated-rain injection.

Figure 13, - Effect of varying fuel grade on icing characterlstlcs of car-
buretor and accessory housing assembly obtained in test series 8. Initial
test conditions: engine speed, 2200 rpm; manifold pressure, 30.2 inches
mercury absolute; carburetor top-deck pressure, 27.80 inches mercury
absolute; air flow, 4620 pounds per hour; fuel-air ratio, 0.080; average
fuel temperature, 75° F.
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(b) Carburetor-air temperature, 40° F; relative humidity, 100 percent;
sigulated—rain injection, 250 grams per minute; water temperature,
40° P. .

Figure 13. -~ Continued. Effect of varying fuel grade on icing characterid-
tics of carburetor and accessory housing assembly obtained in test series
8. Initial test conditions: engine speed, 2200 rpm; manifold pressure,
30.2 inches mercury absolute; carburetor top-deck pressure, 27.80 inches
mercury absolute; air flow, 4820 pounds per hour; fuel-air ratio, 2.080;
average fuel temperature, 75° F,




flow

ar

Percentage of initial

90

Percentage of initial air flow

NACA MR No. E5LIB8a

NATIONAL ADVISORY
OMM (| TTEE FOR AERONAUTICS

2
o
L
-

90

0 4 8 12 16
Time, min

(¢) Carburetor-air temperature, 50° F; relative humidity, 8! percent; no
simulated-rain injection. .

Total Heat
mate content
FuTl contegt of initial
(1b/1b ?ir) witer-alr
mixture

1 Btu/l#)

1CK)L-"'#====qh"'==""==*=‘===""‘ 94-5L 000815 20.2
\\ == — iy E—h .008] 5 20.8
\‘ 4‘_’-- - “‘Q - = === ANdF-22 000841 21.1
Ve -
0 4 8 12 16

Time, min

(d) Carburetor—air temperature, 50° F; relative humidity, 100 percent; no
simulated-rain injection.

Figure |3. — Continued. Effect of varying fuel grade on icing characteris-
tics of carburetor and accessory housing assembly obtained in test series
8. 1Initial test conditions: engine speed, 2200 rpm; manifold pressure,
30.2 inches mercury absolute; carburetor top-deck pressure, 27.80 inches
mercury absolute; air flow, 4820 pounds per hour; fuel-air ratio, 0.080;
average fuel temperature, 7%5° F. :
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(e) Carburetor-air temperature, 50° F; relative humidity, 100 percent;
sigulated—rain injection, 253 grams per minute; water temperature,
. 40° F.

Figure 13. - Concluded. Effect of varying fuel grade on icing characteris—
tics of carburetor and accessory housing assembly obtained in test series
8. 1Initial test conditions: engine speed, 2200 rpm; manifold pressure,
30.2 inches mercury absolute; carburetor top-deck pressure, 27.80 inches
mercury absolute; air flow, 4620 pounds per hour; fuel-air ratio, 0.080;
average fuel temperature, 75° F.
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Pigure 14. - Distillation curves for AN-F-22, 28-R, and S—4
reference fuel used in test series 8., Data from NACA
Cleveland Fuel and Lubricants analytical laboratory.
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